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SECTION ‘II.-GENERAL METEOROLOGY. 
CLOUDS AND THEIE SIGNIFICANCE IN LOCAL WEATEEB 

FOBECASTING. 

By ANDREW H. PALMER, Meteorologist. 
[Dated: Weather Bureau, Snn Francisco, CUI., Aug. 15,1018.1 

The significance of clouds in weather forecasting has 
been tested b various investigators. In  general, it 

regard to their direction of movement or velocity of 
motion little information re arding the subsequent 
weather is indicated. 
they move and their velocity are considered, however, 
the significance of clouds in weather forecasting is of 
c.onsiderable importance in a re ion of cyclonic control. 

United States, where, because of the impossibility of 
securing current dat,a from the vast ex anse of ocean 

cernin the movement of c clones is desired. Moreover, 

residence in widely separated ortions of the country, 
that everywhere within the bnited States the best 
opportunity offered the local forecaster successfully to 
amplify and to improve upon the district forecaqt is 
found in careful observation and interpretation of the 
local clouds, as a supplement to what will always be 
the more important guide-namely, the barometric 
distribution, with the recent cha.nges in 

forecastin and to determine the probability of precipi- 
tation an5 temperature changes following the various 
kinds of clouds at Sau Francisco, nine years of records, 
those of 1906 to 1915, have been examined. The data 
serving as the basis for this study are selective in the 
followm respects: (1) Only data for the winter half 
year, Ifovember-April, inclusive, have been used. 
(2) Only the cloud observations taken as (E part of the 
regular evening observations have been examined with 
respect to the Subsequent weather. The necessity for 
thus limiting t,he data will be made evident from the 
followin statement of facts: 

San francisco (latitude 37” 48’ N., longitude 122” 
23’ W.) is situated upon a peninsula 7 miles in width, 
south of the entrance to, and west of the main portion 
of, a large bay of the same name. It. is on a coast which 
runs northwest. to southenat. Its mein annual ’ tem- 
perature is 54.9”, and its mean annual precipitation is 
22.37 inches. J t  is sub‘ect to a marine regime in cli- 

ature. Located on the northern border of the “horse 
latitudes,” it receivra about 91 per cent .of its precipi- 
tation during the six months November-April, bclusive. 
During the nine years forming t,he basis of this study, 
34 per cent, orpractically one-third o€ the days during 
t,he winter hall -year were rainy da%ys-that is, 
with 0.01 inch or more of precipitat,ion. Snow rare y 
occurs, there being but three instances of snowfdl 
during the nine years, and the greatest amount during 
that eriod measured but. 0.04 inch in water when 
meltel. The cyclonic control is dominant during the 
winter only. A3 the regular observat-ions are taken a t  
4:50 a. m. and 4:50 p. m., local mem solar time, the 

has been foun J that when clouds are c.onsidercd without 

When t 5l e direction from which 

Particularly is this true on t % e Pacific coast of the 

to the west, every suggestive bit o€ in Y ormation con- 

it is t % e writer’s opinion, zased upon various periods of 

ressure. 
In  order to test the significance of clou B s in weather 

mate, with small diurna i and annual ranges in temper- 

morning observations are usually taken in the darkness 
of night during the winter, rendering the cloud obser- 
vations at that hour so diflicult, and sub’ecting them 

safely be usel  in any critical study. Though based 
principally upon San Francisco data, the conclusions 
are doubtless applicable throughout all that portion 
of the United States sub’ect to cyclonic control of the 

country. 

to such large robabilities of error, that t i ey can iiot 

weather, and that i n c h e s  1 the grrntrr portion of the 

CIRRUS AND CIRRO-STRATUS CLOUDS. 

The highest clouds are of the cirrus and cirro-utratus 
type: During the international “ cloud-year,” 1896-97, 
special cloud observations were taken tliroughout the 
civilized world. At the Central Office of the Weather 
Bureau in Washington a total of 3,978 observations of 
clouds were taken during that year. In this series the 
average hei h t  of cirrus clouds during winter waa found 

miles), while that for cirrostratus clouds was 9.53 kilo- 
meten (31,300 feet, or approximately 6 miles). Wrwh- 
ington and San Francisco are in practically the same 
latitude, and it is probable that the general character- 
istics of clouds are similar in the two places during the 
winter half-year. The maximum height at which either 
kind of cloud was observed was 16.46 kilometers (54,000 
feet, or approximately 10 miles), while the minimum 
height waa 4.93 kilometers (16,200 feet, or approximately 
3 miles). It is ap arent from these figures that cirrus 

so high, in fact, that they are above t e lower limit of 
permanent freezing temperatures. The particles com- 
posing the clouds are usually, if not always, solid, often 
in the form of hexagonal pmms of ice. 

In velocity the average for all cirrus clouds measured 
was 35 meters per second (78.3 miles per hour), while 
that for cirrostratus cloud was 30 meters per second 
(67.1 miles per hour). The most rapidly moving cirrus 
clouds were traveling at a rate of 80 meters per second 
(179 miles per hour). As indicated by these figures, 
cirrua and cirrostratus clouds usually show rapid move- 
ment. When any clouds are moving with unusual ra id- 
ity observers in the Weather Bureau are ex ectecf to 

account of the great height the velocity of clouds of this 
type is often underestimated b observers, and, 85 a 
result, they are seldom reportelas moving with more 
than ordinary rapidity. It should be remembered that 
on account-of the heqht of these clouds- any apparent 
motion at  all is an indication of considerable movement, 
and where the apparent motion is easil perce tible the 
actual movement is pmpprtionately zigh. k i t h  the 
possible exception of certain mountain regions there is, 
on the average, a more or  less uniform increase in the 
wind velocity with height throughout the United States, 
u to the levels of the hi hest clouds. During most oE 

of clouds. 
Though cirrus and cirro-stratus clouds are apparently 

a t  times associated with anticyclones, they are typical 

to be 9.51 5 ilometers (31,200 feet, or approximately 6 

i and cirro-stratw couds P are found on1 a t  high levels, 

include in their telegrams an indication of this 7 act. On 

t R e time this is true rega3less of the presence or  absence 
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accompaniments of cyclones. If a longitudinal section 
were made through the vertical axis of a typical cyclone, 
and parallel to its direction of progression, the cirrus 
and cirro-stratus sheet forming the topmost portion 
would extend forward from the center a long dlstance 
and backward a shorter distance. In the sequence 01 
eventa which usually precede cyclonic precipitation, 
clouds of this kind are ordinarily the first si n, often 

makes its appearance. The significance of the fringe of 
cirrus and c m a t r a t u s  clouds surrounding the cyclone 
is often the object of inquiry among mariners, to whom 
a storm is often of great concern. 

Table 1 is a summary of the weather conditions follow- 
ing cirrua and cirro-stratus clouds observed a t  San 
E'rancisco during the nine years, with the limitations 
outlined above, All cirru3 and cirro-stratus clouds 
covering 0.1 or more of the sky at the time of the obser- 
vation are included in the table, which embraces 359 

for all directions 
Before discussing the table in detail attention should be 
called to one fact. High clouds can necessarilv be ob- 
served on1 when not obscured by lower clouds. If it 

they are obscured by lower clouds it is not unlikely 
that their significance would be enhanced. . 

T A B ~ E  L-Wather d ' t i o n s  following eirruS and cinvMtratus clouds. 

many hours before the barometer % egins to 
OCcUh% fall, or efore any other indication of the coming storm 

casa. The weather is computed in terms of 
the per cent of 

were possi g le to include data of these clouds even when 

31 40 
27 
P 

1-l- 
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Aa is indicated in Table 1, cirrus and cirro-stratua 
clouds movin from some direction in the southwest 

ci itation than are those from any other quadrant. 
d reover ,  clouds of this type which show no apparent 
motion have a high de ree of robability in forecaatin 

wcipitation, though t E ?  e rain all may be long delayed 
f n  eneral, it may be said that clouds showing a rela- 
tivefy high velocity indicate that the movement of the 
storm is relatively fast,.and vice vema. This fact influ- 
ences the time of the beginning as well as the time of the 

of the rainfall following. Though not shown in endiYl the ta le, the observations also indicate that when' the 
winds aloft, as shown by the movement of the higher 
c1ouds ~ r n  from a southwesterly direction and relatively 
high in velocity, high southerly winds may be expected 
at the surface in 4 to 12 hours. What is known as windy 
cirrus (cirrua ventosus),. a cirrus cloud of much tangled 
fibers, is indicative of violent convection. In  San Fran- 
cisco high velocitiea aloft are not communicated to the 
surface stratum when they are from any uadrant other 
than southwest. However, this is proba& a local con- 

quadrant of t % e compass are far more indicative of pre- 

dition, as observations in other parts of the United States 
show that the high northwest winds u s u d v  found at  the 
rear of a typical winter cyclone are generall heralded by 

northwesterly direction. Moreover, there is little or no 
relation apparent between the direction from which 
cirrus clouds move and the total amount of precipitation 
following. While discussin the direction of movement 
of these clouds att-ention siould be called to the rela- 
tively small number of cases of those moving from an . Of the 359 cases of cirrus and cirro- 

per cent of the total, were found of clouds of this type 
crossing the meridian from an easterly oint. In  view of 
this fact it behooves observers to t d e  special care in 
reporting clouds of this kind as moving from an easterly 
direction. When instances of t.his nature are encoun- 
tered accuracy demands that additional observations be 
taken in order that no mistake bo made. 
As far as temperature changes are concerned, cirrus and 

cirro-stratus clouds were found to have little significance 
at San Francisco. Because of its seniinimine environ- 
ment marked temperature changes during a period of 24 
hours are uncommon. Adopting arbitrarily a change of 
four de ees as a tenperature change, it was found that 

regardless of direction of movement, two-thirds of the 
cases were followed by no temperature change.within 24 
hours. Of the several directions, however, cirrus and 
cirro-stratus clouds moving from the west or southwest 
were most frequently followed by a temperature change. 
When, followin cirrus or cirro-stratus clouds from any 

more often negative than positive. 
Another word of caution re arding the observation of 

fusing a developin or avanishing filament of cloud with the 

take the form of long bands or streamers radiating from a 
distant focal point, the cloud proper may be moving in 
the direct-ion toward which the streamers point, but not 
iiecessady so. When such a point of convergence is 
followed by a stratiform cloud which becomes lower and 
lower as it regresses, and the barometer shows an un- 

hand, if such a focal point is followed f y  broken cloud, 
and perhaps blue sky, fair weather is indicated. This 
suggegta .a point which the forecaster can not overesti- 
mate in importance. Cloud observations can not alone 
serve as a basis of forecasting. But when considered in 
conjunction with the various other phenomena which 
usually herald the a proach of a cyclone they are a con- 

weather changes occur in cycles. An experienced me- 
teorologist is able to determine the various stages in this 
sequence of events. Moreover, a careful observer is able 
not only to recognize the genus of cloud, but further to 
differentiate each genua into its several species. 

At San Francisco, as well as elsewhere in the United 
States, it is corn aratively easy to distinguish between 

are most frequently followed by weather c anges, and 
which are not. Cirrus clouds exhibit such reat variety 

which produce and sustain them must be of many differ- 
ent kinds. Photography has shown that true. cirrus and 

swiftly moving cirrus and cirro-stratus c 9 ouds from a 

stratus c point ouds observed, only 13 cases, or less than 4 

when 5 cirrus and cirro-stratus clouds were included 

direction, the c 7l ange occurred within 24 hours, it was 

clouds ma properly be interpo 7 ated at  this point. Great 
care sho lJ d be exercised by the observer to avoid con- 

true movement o P the cloud itself. When cirrus clouds 

ueationed f; ownward tendency, i t  may safely be con- 
c f uded that a cyclonic storm is followin . On the other 

tributory factor w R ich can not be neglected. Most 

% various species o P cirrus clouds, and to desi nate which 

in appearance as well as in structure that t% e conditions 



SEPTEMBER, 1918. MONTHLY WEATHER REVIEW. 409 

I 

I N. i NE. 
’ E. 

SE. 
: 8. 

cirro stratus clouds are always fibrous in structure, though 
this is not always ap arent to the naked eye. Further- 

ferent levels, often traveling in different directions, it is 
a sign of unstable conditions aloft, and is usually followed 
by unsettled weather. Always high in the atmosphere, 
c m s  and cirro-stratus clouds present a rudg afterglow, 
thus rolonging the twilight. 

O&r facta affecting the significance of these clouds are 
worthy of note. C i - s t r a t u s  cloud is more often fol- 
lowed by precipitation than is cirrus, largely because it 
marks a later s t q e  in the se uence of eventa of cyclon!c 
origin. Moreover, solar an x lunar halos obtain their 
significance as weather signs because they are always 
formed in clouds of this t e. The particular species of 

nebula (cirrus-veil). Thou h a stratiform cloud, it 18 

halos when it is itself almost invisible, and gives the sky 
.a faint, milk-white appearance. Partly because of the 
low temperatures prevailing in the plane of cirrus and 
cirro-stratus clouds, the actual amount of water carried 
in suspension in these clouds is never large, and can never 
produce a measurable amount of precipitation at  the . Though wisps of f d i n  ice crystals may often rd e observed at  the rear of swif f i  y moving cirrus clouds, 
they never give measurable precipitation. Again, be- 
cause of the low temperature the vapor condensed to 
form clouds of this type passes directly from the gaseous 
state to the solid form, thus explainmg the c 
structure of the constituent arhcles, and the act that 
the prismatic colors of the galos are always arranged 
with the red on the inside. In  general, cirrus and cirro- 
stratus clouds are somewhat lllgher in summer than in 
winter, while they move with a considerably higher 
average velocity in winter than they do during the sum- 
mer half year. 

more, when clouds o P this type exist at two or more dif- 

cloud in which they form 9g as aptly been termed cirq- 

much attenuated, and pro % uces the most conspicuous 

c1RR0-cuMuLus CLOUDS. 

approximately 2 miles). It is thus apparent that cirro- 
cumulus, like cirrus and cirro-stratus, am high-level 
clouds, SG high that the visible particles constituting the 
cloud are usudy,  if not always, in the solid state. As 
they are found only at levels above that of permanent 
freezin tem erature, the water must have passed di- 
rectly fmm %e gaseous t o the solid state. Though con- 
siderably lower in average height, cirro-cumulus clouds 
were found to have abaut the same average velocity as 
that of cirrus and cirro-stratus clouds, namely, 33 meters 
per second (73.8 miles per hour). 

i------- 
Per cent. Pa cenl. Per cent. Per ernt. Prr cent. 

2 i  .................................................. 
0 1  .................................................. 
n .................................................. 
3 1  .................................................. 
0 1  .................................................. 

TABLE 2.-Wathw conditions following eirro-cumulus clouds. 

I sw. 1 14 j 

j cdm. 1 3  

I9 I ! w 
: N ~ .  1 21 i 

! 
moved I I 

36 50 04 7 a0 
63 58 21 21 42 

19 29 72 I4 14 ,.......... ........................................ 

Table 3 is a summary of the weather conditions fol- 
6 2  cases of cirro-cumulus clouds observed a t  

San lowin5 rancisco during the nine yea.m. When classified 
as to direction of movement it was found that one-half 
of the instances of cirro-cumulus clouds from the south- 
west were followed by precipitation within 36 hours, 
while more than one-half of those moving from the west 
were followed by ra.in within that period of time. Those 
moving from the northwest were followed by rain but 
‘39 per cent of t,he time. Cirro-cumulus clouds showing 
no apparent movement, or moving from. any direction 
other than from t,hose mentioned, were mfrequent. Ir 
a pears that weather roverbs which state that rain is 
litely to follow a “mac erel sky” have considemble basis 
in fact!, provided that the clouds are moving from the 
west or southwest. 

Temperature changes follow cirro-cumulus clouds more 
irequently than they do cirrus or cirro-stratus clouds. 
Cirro-cumulus clouds moving from t.he west were followed 
by temperature changes almost one-half of the time, being 
as aften positive as negative. Those moving from the 
southwest were followed by negative changes far moro 
fre uently than by positive changes. 

8ertain other facts observed in connect.ion with cirro- 

vertical convection to persist long. Vertical movements 
resulting from friction between adjoinin strata of air 
moving in different directions, or at !berent rates, 

erha s play a part in the ca.use of their formation. 
belmloltzian waves may ive rise to simple, parallel 
rows of cloud, or to compex f 
adjacent air currents have different velocities. In 
generd, it ma be said that cirro-cumulus clouds are n 
sign of unsta l le conditions aloft, and are therefore a 
reasonabl good sign of coming weather changes. Tn 
the usua T sequence of events preceding cyclonic pre- 
cipitation the mark an intermediate stage, being pre- 
ceded by the ggher cirrus and cirro-stratus clouds, and 
followed, or ra er obscured, by the lower alto-cumulus 
and alto-stratus clouds. The sequence is in the reverse 
order and accelerated in time in the events following 
cyclonic rainfall. 

arrangements when two 
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ALTO-CL~M LTIXTS C L O ~ R  . 
The Washington observa.tions showed the nlto-cumulus 

clouds to have an average height in winter of 3.S3 kilo- 
meters (13,500 feet, or approsima.te1-y 29 miles). 'l'he 
highest observed were found at, 10.17 kilomet.ers (33,JciO 
feet, or a proximately 63 miles), while t,he lowest were 

The average velocity of movement w1us det.ermined t,o be 
31 meters per second (47 miles per hour), though one 
observation showed n cloud to be moving nt t,he rate of 51 
meters per second (130.8 miles per hour). 

Alto-cumulus is thus found at int,erniediat.e cloud levels. 
Though sometimes above and sometimes below the 
isotherm of freezin in the free air, its constitmiit water 

as is evidenced by the following: 
Optical phenomena like coronaq, resulting from the 

passage of rqys of light through t.hin nl to-cumulus or 
alto-stratus cloudy, have their 
with the red on the outside, 5 
particles only. Moreover, 
clouds do not ordinarily show a fibrous structure, while 
cirriform clouds a1w:n.y~ do. These statements are 
im ortant in view 0: the fact t.hat the 1i;luid form of the 
in (P ividual particles is retained though they sometimes 
float in air well below the freezing point in temperature. 
Though the individual droplets thus esist in n liiiuitl 
state a t  subfreezing temperatures, two or more droplets 
coming into contact may coalesce and take t,he solid 
form. If this process continues long enough the cumulus 
ap enranc.e is replaced by that of the stratdorm type. 

Gable 3 is a summary of the weather conditions which 
followed 95 cases of alto-cumulus clouds observed nt 
San Francisco during t,he period under oonsicleratioii. 
It is ap arent from the table that clouds of this kind 

unconyon. Alto-cumulus c.louds moving from . any 
direct.ion except northwest.; or showiilg no nppirent 
movement., were followed by rain wit.hin 36 hours at. 
least one-half of t,lie. time. Those moving from t,he 
south were followed by rain three but of every fire 
times. 

at 1.53 ki P omet.ers (5,000 feet, or approsinint,ely I niilc). 

particles are usual s v, if not alwn,ys, in t.he liquid forni, 

moving P rom directions north to southenst, inclusive, a.re 

-- 

Within 
24 holm. 

TABLE 3.- Wmthcr coditions follouing alto-cuinulus clouds. 

Within' 
%hours. 

prr rent. 

- 

Clouds 
moved 
from- 

-- 

Less 
k 4 " .  

-- 

Pk cent 
.................. N..... 

NE ... 
E..... 
SE .... s..... s w  ... 
W.... 
N W  ... 
Calm.. 
- 

.........I ........ . I  

......... 

11 Precipitation Trmpcrtrture elknwd within 1 
followed. 11 24110m: , 1 

......... 

......... 

Pfr  cmt. 
......... 

II -- 4 
Pa cent. 1 

.................... I 
I ........._ 

.................... 

................... I 

Prr cent. 

0. ......... 
I ......... 

......... ......... 

?2 32 

I-i 

The cumulus structure of this typs, o€ cloud suggests 
that ascending currents play an important paYt in causing 
its formation. It is a well-rccognized fact that con- 
densation resulti~~g from ascending currents is far more 
like1 to result in precipitation than is cohdensation, 
whic i results from the mising of air masses differing 
in temperature ,or in humidity. This principle esplniiis 

why clouds of the cumulus type often precede torrential 
rains of brief duration, while stratus clouds and fogs may 
persist for clap without producing measurable precipita- 
tion. For this reason alto-cumulus clouds are of greater 

ifhiice to the forecaster than are alto-stratus clouds 

The alto-cumuhis cloud makes visible the fact that a 
cloud is never in a state of e uilibrium. Within every 

going on, and the particles making up the visible cloud 
niass are constantly forming and vanishin A cloud 

inclosed within it is subjected to light and heat radiation 
from all sides. When a thernio raph is carried through 

almost invariably formed in tho thcrmogram. 

"F o the same level. 

cloud evaporation and con 8 ensation are constantly 

diffuses solar light and lieat, so effectively t % at a body 

a cloud stratiim I n -  a kitc or a B alloon, a wave-crest is 

-'.LTO-BTRATUS CLOUDS. 

The average height of adto-stratus clouds during winter, 
as determined by the Wnshington observations, was 4.80 
kilometers .(15,000 feet, or approximately 3 miles). The 
average velocity, based upon observations for all seasons, 
was 21 meters per second (47 milgs per hour). 

As indicated hp its name, dto-stratus is a high strati- 
form cloud. Though not so high as cirro-stratus, it is 
usually much thicker, and, unlike the latter, it  frequently 
is the source of coiisiderable recipita,tion. Its constit- 

temperatures are often below freezing. It does not 
usua.Uy show a fibrous stiueture, either to the naked e e 

cloud a corona, with the red end of t e spectiwn on the 
outside, is apparent. In the usual sequence of events be- 
tween the appearance of tlie first cirrus streamers and pre- 
ci itation it marks an intermediate stage, most frequently 
fo E owing dto-cumul1~s aid immediately preceding the 
lowcr clouds which give tl:c prcipitation. If a map were 
drawn to show the prevailing doiid visible in all parts of a 
typica.1 cyclone, nlto-stratus cloud would form a broad ring 
nearly concentric. with the isobars, and immediately 
surronnding the areti where rain was falling. This ring 
would be broad at tlie front and narrow at the rear. 
. Table 4 is a summary of the weather conditions which 
followed .the observation of 156 cases of dto-stratus 
clouds at Sail Francisco during the nine years. The 
relative infrequency of this kind of cloud movin 
north to southeast, inclusive, indicates that t e in- 
draught in the immediate front of a cyclone does not 
ordinarily reach to alto-stratus levels. Moreover, the 
probability of rain following the appearance of this kind 
of cloud is considerable. It is greatest for clouds moving 
from south or soutlim-est, those from these duections 
having been followed by rain more than one-half of the 
time. The probability of rain decreases as the direction 
from which the clouds move approaches north.. Further- 
more, the rain is far more likely to occur dunng the 24- 
hour period immediately follormng the observation of the 
cloud than it is during the subsequent 12-hour period. 
Though not indicated in the table, it was observed that 
the aniouiit of precipitation received d t e r  the a pearance 

usuallv heavy, h 1id-f inch or more of rain withm 24 
hours having heen considered heavy. !Chose moving from 
any other clirection were followecl by rains only light or 
moderate in amount.. 

uent particles are usually in t ?I e liquid form, though the 

or to tlie hotogrqhic plate. When a luminary li z e 
the sun or t- K e moon is observed throu h thin alto-stratus h 

B from 

of these clouds moviw from the south or sout f west was 
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them. At! $an Francisco cumulus clouds do not often TABLE 4.- Weather conditions following allo-atrahcs cIoud8. 

Number 
of cases. 

-- 

1 
1 
a 
3 

34 
55 
34 
16 

in 

develop into curnulo-nimbus clouds, as is shown by the 

-1 fact! that only one thuliderstorni occurs each ear, on the 
follomd. 11 24 hours. average, and it, is usuallv mild. In cert.ain u aces within r . I 11 Precipitation Tcmpmt~ur chmgcd within 

Clouds 
moved 
from- 

- 
N. 
NZ. 
E. 
SE. 
8. 

SW. w . 
N\Y. wrn. 

4' or 
mor? 

colder. 

PEr c t d t .  
......... ......... 
......... 
......... 

:j:J 
19 
11 
3 

.:I 
I 

The signScance of altoatratus clouds regarding 
. subsequent tem erature changes is worthy of attc?nt.ion, 
particularly of Lose clouds showing no apparent niove- 
ment, which were followed by teniperature changes 
almost one-half of the time. These changes were far 
more frequently negative t,han positive. 

Cert,ain other considerations aasociat.ec1 with a h -  
stratus clouds present themselves. Mensurable niliounts 
of recipitation do not ordinarily occur from these c l i d s  

least to render invisible the sun or the moon, if either is 
above the horizon. Moreover, the density as well ns the 

. actual amount of water carried in sus lension in alto- 
stratus clouds is considerably greater t ll an that of taho 
higher cirro-stratus doucls. Furthermore, the amount 
of water condensed and precipitated by the €oriner is 

eater than that of the latter. These facts are directly 
. %pendent u on tlie difference in temperature l?etween 
the two leves. F 
.in an alto stratus cloud will give a vast,ly greater amount 
of condensation and precipitation than will a fall from 
25" to 20' in a cirro-stratus cloud. Again, following t.lw 
precipitation nesi a cyclone center, lji<wo rain nmy 1 . j ~  
expected as long as the alto-stratus cloud remnins uii- 

. broken. When, however, t,lie latter shom . dist.iiict 
breaks, without a higher cloud strntuni ahow, 110 niorc 
Ion -continued rain niay be expecteci from tlint.particlulnr 

un i) ess they are of considerable thickness, sufficient at. 

A fall in temperature from 6.5' to 60" 

CUMZTLUS CLOUDS. 
cyc f one. 

The average height in winter of the tops of cumulus 
clouds observed in Washington was 2.35 kiloniet.ei-s 
(7,500 feet, or approximately 1; miles), while t1ia.t frc- 
the base was 1.20 kilometers (3,900 fcct, or ai) rosiniatcly 
3 mile). The tops varied greatly iii levef, however, 
taking the year as a whole. One observation Sh(Jwed 
the top of a cumulus cloud to reach a level of 0.70 kilo- 
meters (22,200 feet, or a proximately 4 miles), while on 

feet, or approsimatel 3 mile). The average velocity 

(24.6 miles per hour). 
True cumulus clouds are more often associatd with 

the borders of a cyc.lone than,witli its center. Usually 
of local formation, tlieir vertical dimensions oft.en exceed 
their horizontal. Along the immediate coast of C'ilifornin. 
this type of cloud is most frequently observed during thc 
winter months, since the strong though supci5cinl wincls 
of sumnier t,lien render their format,ion imposiidc. 
Throughout the remainder of the United St.ates, ciinidiis, 
together with strato-cumulus, are typical sunmicr clouds, 

artly because the strong winds of winter prevent local 
Emting and the ascending currents necessary to produce 

another occasion it reac 1 ed only 0.91 kilonieter (3,000 

of the summits was 9 ound to be 11 meters per, second 

tlie Tiojiics ciimulus cl6uds are a daily ochrence, due 
partly to excessive local heating and . artly to the absence 
of strong horizontal movement,. h e r e v e r  observed, 
ccumulus clouds are of particular interest because of the 
infornmt.ion t,hey give concerning t-he wind velocity aloft. 
Though the base of a cumulus cloud is ordinarily found 
in a region of coni aratively calm air, the summit of the 

.[Tndcr these conditions tlie cloud leans forward. &me- 
t,inm the increase in wind velocity with increase of 
height is so rapid that the cloud "loses its head"; that is, 
the t,op portion is detached from and is blown in advance 
of its baso. 

TADLE 5.- If ir i t?iw conditions following cunrulics clozcds. 

cloud often est,en c r  s into a region of swiftly movin air. 

! 

...... ......... ... 
.......... ... 
.......... .......... ... ........ 

.......... .......... 
' <I$-. I l.:hn. 

. . . . . . . .  - __ - 

Table. 5 is a summary of the m&her conditions fol- 
l o ~ i n g  tlic ohseirst.ion of 52 cnses of cumulus clouds 
observed n t  Snii Ihmcisco. That they are not a common 
type of cloud is suggested by the fact that the were 
visiblo n.t the time of the emning observation {ut 52 
t>inies in tho 9-year period. On these occasions, 83 per 
cent of them nio~ecl fi-om tmhe most or northwest. Their 
significmce in rwarc.1 to subsequent precipitation is great, 
.?s is evic!encd %y- the fact that 55 per cent of those 
moving irom t,ho west and 60 per cent of those moving 
from the northwest were followed by rain within 36 
hours. The rilili is not long delayed in following these 
cloucls, and usually consists in sporadic showew, irregu- 
lilrlv clistrihu ted. 

The significance of these clourIs regarding temperature 
changes IS not mroat, only about 20 per cent being fol- 
h-d hy such cRanges wit8hihiu 24 hours. 

STRATO-CTJNULUS CLOUDS. 

T l i ~  Wnshizigtoa oliservations showed the strato- 
~~imuli is  clouds to have an sversgs height in winter of 
2.40 kiloineters (i,%Jo feet, or approsimately 13 miles). 
Their average velocity was 15 meters per second (33.6 
milrv per hour). That they are associated wit,h more 
unst.ablo coiiclitioiis than are cumulus clouds is suggested 
by tho fact that their average velocity is almost 40 per 
cent, grea.tcr. One computation indicated a strato- 
cumulus cloxd to have a velocity of 33 meters per second 
('73.S d e s  per hour). 

Just, ss cirrus and cirro-stratus are the most common 
of tho high-le~--el clouds, so, at San Francisco, strato- 
cumulus are the most frequently observed low-level 
clonds. This is prohably true wherever cyclones control 
the weather. In variety of appearance, strato-cumulus 
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is exceeded only by cirrus, Formed only at low levels, 
its constituent particles are usually in li uid form, though 
the combination of two or more'parti 3 es may produce 
snowilakes when the temperatures are sufficiently low. 
Of itself, t&s kind of cloud does not give heavy nor wide- 
s read precipitation. Throughout most of the United 
dates it gives only light showers in summer, and snow 
flurries in winter. However, it is closely associated with 
the true nimbus cloud of a typical cyclone, and is usually 
the last cloud observed immediately before, and the first 
cloud seen immediately after, long-continued precipita- 
tion. When observed just before sunset it has a fire-red 
a pearance, which is replaced bv an ashen gray color 

TABLE 6.- Weather conditions following strato-cunwlus clouds. 

s E ortly after the sun has sunk below- the horizon. 

Clouds Number -- 
moved of 

-- 
N. 
NE. 
E. 
BE. 
8. 
SW. 
W. 
NW. 
Calm. 

I) xl 
1: 

28 

Table 6 is a summary of the weather contlitioiis follow- 
ing the observation of 223 cases of strato-cumulus clouds 
at San Francisco. A ain it is evident that the winds are 
prevailingly west. #he significance of strato-cumulus 
clouds in regard to precipitation is unmistakable. With 
the exception of those moving from the north or the north- 
west, clouds of this type are followed bT pcipitation 
within 36 hours by far the greater part o t e time. Of 
the 13 cases of those moving from the southeast, eve17 one 
was followed by precipitation within 36 hours, while of 
the 29 instances of those movin from the south, 90 per 

table, the rainfall was usually heavy when the clouds 
were observed to move from a southerly point. 
As far as temperature c,hanges are concerned, strato- 

cumulus clouds also have considerable significance. 
Varyin with the direction of movement, 18 to 66 per 
cent o f these clouds were followed by temperature 
changes within 24 hours. These changes were prevail- 
ingly positive for clouds moving from any directmioil 
oxeept south or southwest, for which directions the 
changes were more often negative. 

cent were so followed. Thoug % not indicated in the 

SUMMARY AND CONCLUSIOKS. 

Eve where within t8he United States, and particularly 
along P t e Pacific coast, clouds offer the forecaster a clue 
to the coming weather which c.an not well be disregarded. 
Consideredwithout res ect to their directionof movement! 

ated with cyclones, their significancc is slight. When 
considered with respect to the direction from which t,hey 
move, together with their relation to the more significant 
fact of ressure changes, they assist t.he forecaster to deter- 

should enable observers to give t eir respective district 
forecasters valuable information, as well as to aid local 
officials in amplifyin the district forecast. In  the 

or without relation to t K e other phenomena usually associ- 

mine t R e relative position of the c clone center. Clouds 

sequence of weather c fl anges experienced with the pas- 

i! 

sage of a typical cyclone, clouds aid one in establishing 
the stages in the series of events.. 

One of the principles of forecasting recognizes the fact 
that converging winds tend to produce precipitation , 
while diverging winds tend to produce clearing weather. 
(The former process causes ascendin currents, while the 
latter results in descending air.) lince the wind data 
included in the reports of the regular observations arc 
those at  the moment of observat.ion only, they some- 
times rcfer to a temporar or a local condition. The 

air; are not' sub'ect to temporary fluctuations or to local 
peculinrities. k e n  cloud observations are 
together with the other observations, on the orecaat 
map, the relation between their movements and the 
baromet,ric distribution is readily apparent under marked 
cyclonic control. The amount of cloud observed at any 
one station is of importance only in so far as it shows the 
local estent of the cloud-forming conditions, the 
the amount of cloud the more wide-spread the con itions 
which produce it, and vice versa. 

In a region of uneven topo raphy surface winds are 
deccptive, both in regard to firection and to velocit . 
tive barometric vector in such a region. From a study 
of almost a thousand cloud observations made a t  San 
Francisco during nine years it is apparent that the signifi- 
cance of clouds regarding subsequent precipitation is 
worthy of the forecasters attention, the significance 
increasing as the height of the cloud decreases. The 
significance re arding preci itation varies greatly with 

those moving from the southwest are most frequently 
followed by rain; for those of intermediate levels those 
from the south are so followed; while for the lowest 
clouds southeast is the direction of eatest significance, 

from southwest to southeast, and the height of the cloud 
diminishes. 

As far as temperature changes are concerned, the 
significance of clouds is not reat at San Franc.isco. It 

and varies great ?i y with direction a t  all levels. Thk f&t 
is doubtless influenced by the semimarine environment 
of the city. 

movements, of:tlie clouds, i eing determined by the free 

Potted , 

rter 
Cloud observat,ions present a means of determining t i! e 

direction a t  a 7 1 cloud leve P s. For the highest clouds 

the probabilit,y of rain increasing as t T e direction changes 

is least with hi h clouds an d greatest with low clouds, 

DISCUSSION . 
Before the establishment of weather services and the 

s stematic forecasting of the weather from synoptic 

undoubtedly foimed t e best and most popular index of 
approaching weather conditions. They are referred to 
from the earliest history as remonitions of tho approach 

mariners and others to whom the future weather was of 
vital importance; and certain well recognized kinds of 
clouds were the best known indes of an approaching 
storm. 

In more recent years, with our increased knowledge of 
meteorology, clouds have been systematically studied 
and classified, and their value to the forecaster is no 
longer an open question. Certain kinds of clouds are 
almost invariably associated with certain kinds of 
weat.lier, nnd at times when the distribution of barometric 
pressure and temperature and wind velocities and 
directions are such as to create doubt in the mind of the 
forecaster, the kind and amount of clouds, and the 
direction in which they are moving, will help him to 
decide upon the proper forecast to issue. 

R c 6 arts and based u on scientific principles, clouds 

of storms, and were caref s ly watched and studied by 
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The value of the kind, amount, and direction of the 
clouds to the forecaster on the Pacific coast can not be 
overestimated. Many times the a proach of a storm 

several hours before the pressure begins to fall or the 
winds chan e in direction and increase in force. Some 

based upon the character and movement of the clou s. 
In  the forecasts issued from this office for the benefit 

of the raisin growers when drying their crop in the late 
summer and early fall, the value of cloud formation is 
preeminent. The conditions to beguarded a ainst am 

occur in the mountains and foothills and extend down 
into the valley. There are several types of ma s which 

produce rain unless preceded or accompanied by the 
rapid formation of a cumulus ca , first appearing on 

the range to the San Joaquin Valley s i d e . 4 .  R .  I ~ l h m ,  
District Fortcaster. 

from the ocean is indicated by t R e cloud formation 

of the best f orecasting that I have ever seen was la elp 

those of unsettled weather, when scattere d showers 

indicate these conditions, but they am not f ikely to 

the eastern slope of the Sierra an b-' later extendin over 

?I 
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SO- CORBELATIORS BETWEEN SOLAB ACTlVlTY AND THE 
CLIMATE OF TEE FA8 EAST.' 

By R. SEKIOUCHI. 

1. 8 o k r  ae&ivity and October t~nipe~(ltu.re8 of some pa.& 
of I%osen (Tiwrua).-?n this report we intend to show the 
esist.ence of eorrelations between annual sun-spot num- 
bers and October t.emperatures of various parts of Chosen. 
A glance at  figure 1 shows undeniable similarities be- 
Ween the general run of the curves re resenting varia- 

numhers, though there are many dissimilarities if t ey 
are compared put .  by part. The correlation coefficients 
hnve hcen calculated wit.h t.hs following results : 

Probable 
error. 

Ryu-qmho (Yongamp,!. . . . -. -. . . - - -. . -. . . -. . . . . +0.39 &O. 158 
qensan (R70nean). . . . ._. . . . . . . . -. . -. -. . -. . . -. . . . +0.58 &O. 124 
Jinaen (Chemulpo). . . . . . . . . . . . _. . -. . - - - . . . - - -. . . . +O. 39 &O. 158 
Fusan .......................................... +0.48 ztO.143 
Jfokoho (Moppi.. . . . . . . -. . . . . . . . . . . . . -. . . -. . . . . +0.44 zt0. 160 

Similar relations seem to exist throughout the wide 
a.rea including not only the whole of Chosen but also the 
northern part of China and the eastern part of Siberia. 
(See fi . 3.) For instance, the correlation coefficient for 
lrkutsf (1SS6-1904) is +0.41*0.132, and that for 
Tsingtau (1898-1915, except 1914) +0.43 f0.123. 

In  Chosen and Manchuria the month of October is one 
o€ the quietest seasons of the year; hence the mean tem- 
perature of t.hnt month in these regions may be consid- 

R tions of temperat,ure and the curve o P annual sun4 ot 

rnl890 M 1895 imam I905 

Fio. ?.-Sun-spot numbers. md October temperatures. 

(Hroken liue-relalfve annual sun-spot numhers, has heem supplied by the editor.) 

ered to follow faithfully the eneral distribution of baro- 

case in the other seasons and in moat 
proper. Although it may be somewhat premature to 
draw conclusions from the results that have been found 
from the observations of such a short period, we have 
grounds for assuming that the have the following sig- 
nificance: Thew i s  a n m k e d  d*?&vme bdween the rope88 

s ot 1mximu.ni. and in the period o sun-spot minamum. 

coefficient8 over more extended meas. be esamined. 
The necessary computations are now going on, and the 
rwults will be reported later. 

2 .  Solnr netivaty ccnd m.infa.U.-Some statistical re- 
searches have been made to aee if there be any corre- 
lation between the annual rainfall of Seoul, Chosen, and 
the annual sunapot numbers. The rainfall data for the 

eriod before 1907 m-ere taken from the table corn iled 
gy the late Dr. Y. Wada from the records of the zoyal 

metric pressure in the Fa.r East, 
disturbed by passing cyclones, etc., as is 

of the det!ubpni.ent qf the Siberian FIIGH in thc perio S of sun- 

$ore definite conclusions will be o I tained if correlation 

1 Condensed from 8bStmt iu Jotir. Met'l Soc. Japan, Tokyo, July, 19lS, 17-2. 


